Introduction
In the past 20 years, the treatment and the expected outcome of rheumatoid arthritis (RA) have been dramatically improved by the application of novel strategies for the management of the disease, including the early introduction of disease-modifying anti-rheumatic drugs (DMARDs) and a treat-to-target approach. 1 To date, methotrexate (MTX) is still renowned as the anchor drug for initial treatment of early RA, and the combination of MTX with a biologic agent (bDMARD) is considered as the standard of care for treating RA refractory to conventional synthetic DMARDs (csDMARDs) alone. 2 This approach is mainly the result of the earliest Phase III studies conducted with tumor necrosis factor alpha inhibitors (TNFis), which demonstrated that the clinical response to bDMARDs is significantly improved by the addition of a csDMARD, primarily MTX. [3] [4] [5] [6] [7] [8] Subsequently, these findings have been confirmed by real-life experience with TNF blockers [9] [10] [11] [12] and extended to other bDMARDs with different mechanisms of action, such as costimulation blockade or B-cell depletion. 13, 14 As a consequence of this clinical experience, four of the bDMARDs available for the treatment of RA (infliximab, golimumab, abatacept, and rituximab) require concomitant therapy with MTX according to the product label. Moreover, international recommendations for the management of RA suggest that, in the absence of clear contraindications, all bDMARDs should be commenced in combination with MTX. 15, 16 However, data coming from observational bDMARD registries have surprisingly disclosed that more than one-third of patients receive TNFi monotherapy in daily practice. Possible explanations for failure to use concomitant MTX are that patients have specific contraindications, experience minor but bothersome side effects, or do not comply with prescribed treatment. 11, [17] [18] [19] [20] [21] [22] Furthermore, the optimal MTX regimen to be used in combination with bDMARDs still remains unclear, ranging from 7.5 to 25 mg/wk according to national guidelines and physician's preference. Recently, the CONCERTO trial demonstrated a robust and dose-dependent clinical response with ascending doses of MTX in a cohort of early RA patients treated with adalimumab (ADA), showing significantly higher efficacy with at least 10 mg/wk MTX. 23 On the other hand, a post hoc analysis of the TEMPO and COMET trials showed that the efficacy of etanercept (ETA) is not dependent on concomitant MTX dosage, 24 similar to what was reported by a retrospective analysis of the DREAM registry conducted on all TNFis. 25 Nevertheless, data on the actual role of different MTX regimens in clinical practice are still lacking.
Moreover, the vast majority of observational studies addressing the role of MTX in combination with bDMARD classified monotherapy and combination therapy according to the baseline reported use of MTX, irrespective of MTX maintenance over time. However, MTX is frequently described as a generally poorly tolerated drug, 26 and a significant proportion of MTX users are reported to be nonadherent with the prescribed MTX regimen. 27, 28 To date, the pattern and role of concomitant MTX maintenance in TNFi-treated patients have rarely been described in detail.
To fill this gap, we performed a retrospective analysis of a local registry, including ADA-or ETA-treated RA patients, with the aim of evaluating the prevalence and dosage regimen of baseline concomitant MTX, the reasons for TNFi monotherapy, and the baseline predictive factors of MTX use and dosage in a real-life setting. Moreover, we analyzed the 2-year retention rate of MTX and the frequency of MTX dose decreases in combination with TNFis for the first time, evaluating the effect of MTX regimen changes or discontinuation on the clinical response to ADA and ETA over time.
Patients and methods study population
Data from all RA patients aged $18 years fulfilling the American College of Rheumatology 1987 revised criteria, 29 treated with bDMARDs between January 2001 and December 2013 in our Rheumatology Unit, were analyzed. The eligible study population was extracted from a local registry approved by the Gaetano Pini Institute Ethics Committee and included all patients who signed the informed consent form for any subsequent retrospective analysis of their clinical data. All analyzed clinical information was reported as anonymous aggregate data and excluded any identifiable medical information. For all patients, the database includes data on demographic features (age, sex, and time since RA diagnosis); clinical parameters (C-reactive protein, erythrocyte sedimentation rate level, rheumatoid factor (RF) positivity, disease activity score 28-ESR [DAS28], and Health Assessment Questionnaire [HAQ] score); and therapeutic data (biologic therapy and concomitant MTX). All the disease and treatment follow-up data were collected at baseline and then every 6 months until December, 2014, with the sole exception of data regarding concomitant MTX, which were collected every 2 months. The final analysis was conducted including only patients who had received as first-line bDMARD ADA or ETA, which can be prescribed as monotherapy according to their product label. Exclusion criteria were previous therapy with a different bDMARD and the enrollment in a randomized controlled trial. Treatments were administered as part of routine care in accordance with RA good clinical practice; TNFis were prescribed according to their licensed regimen, and concomitant csDMARDs or 
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Methotrexate in combination with TnFis corticosteroids were administered if ordered by the referring rheumatologist. The study population was stratified into 3 subgroups according to baseline concomitant MTX therapy (no MTX, low-dose MTX [7.5-10 mg/wk], and high-dose MTX [$12.5 mg/wk]). The combination with concomitant csDMARD other than MTX was considered according to that reported by international recommendations, suggesting a definite role as csDMARD in the management of RA only for sulfasalazine and leflunomide. Thus, patients treated with concomitant hydroxychloroquine or cyclosporine were included in the "no MTX" subgroup, whereas patients receiving concomitant leflunomide or sulfasalazine were excluded from the study population before the final analysis. Changes in MTX regimen over time in each subgroup were recorded every 2 months, and reasons for dose decrease or withdrawal were evaluated.
Outcomes and statistical analysis
Descriptive statistics were used to calculate mean and SD, and median and interquartile range (IQR). Differences between treatment subgroups were analyzed by the Kruskal-Wallis nonparametric test for continuous variables and χ 2 test for categorical variables.
The 2-year retention rate of each concomitant MTX regimen was computed by the Kaplan-Meier method and compared by a stratified log-rank test. Univariate and multivariate Cox proportional hazard models were developed to examine potential predictors of MTX withdrawal/change of dosage. Results are presented as hazard ratios (HRs) with 95% confidence intervals (95% CIs).
Clinical response was evaluated as 6-, 12-, and 24-month DAS28 mean changes from baseline, proportion of patients achieving DAS28 remission or LDA, and proportion of patients achieving good/moderate EULAR response. In order to quantify the impact of MTX concomitant treatment on long-term clinical response, these outcomes were compared in the 3 subgroups according to the maintenance over time of baseline MTX dosage, excluding the patients who discontinued/reduced MTX because of a stable clinical remission. Moreover, the 2-year TNFi retention rate was calculated by the Kaplan-Meier method, and the difference in the 3 subgroups according to concomitant MTX regimen was computed by a stratified log-rank test.
Comparative analyses of baseline characteristics in the 3 subgroups of MTX treatment were computed by using the Kruskal-Wallis t-test and the χ 2 test for continuous and dichotomous variables, respectively. Statistical analyses were performed using SPSS statistical software, version 20.0 (IBM Corporation, Armonk, NY, USA). p-Values #0.05 were considered statistically significant.
Results

study population
A total of 330 patients (163 treated with ADA and 167 with ETA) were included in the study (patient disposition is reported in Figure 1 ). The baseline demographic and clinical
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Among the 189 patients receiving MTX at baseline, 138 maintained a stable MTX dose throughout the entire followup period, whereas 51 (22 in the low-dose and 29 in the high-dose MTX group, respectively) underwent MTX dose de-escalation by a median dose of 7.5 mg (IQR 5-10 mg/wk). Of these 51 patients, 9 (5 in the high-dose and 4 in the low-dose MTX group, respectively) remained in the same subgroup of MTX regimen after dose reduction and 24 (17 in the low-dose and 7 in the high-dose MTX group, respectively) stopped MTX. The following reasons for MTX tapering/stopping were recorded: intolerance (n=28), hepatotoxicity (n=10), disease remission (n=6), poor compliance (n=2), alopecia (n=2), thrombocytopenia (n=1), surgery (n=1), and recurrent infections (n=1). Excluding the patients in whom MTX dose was reduced because of clinical remission, the persistence of the baseline MTX regimen was 79.9% at 1 year and 70.2% at 2 years ( Figure 2 ). The proportion of patients who did not stop MTX was 89.7% at 1 year and 84.2% at 2 years. According to the multivariate 
Baseline predictors of good/moderate eUlar response
The baseline predictors of 6-, 12-, and 24-month good/ moderate EULAR response, evaluated by a logistic regression model, are reported in Table 2 . Briefly, at all the 3 time points, MTX high-dose regimen (.12.5 mg/wk) and high baseline DAS28 were associated with high probability of achieving good/moderate EULAR response, whereas female sex was associated with low probability. Age and disease duration at the moment of bDMARD introduction, as well as RF positivity and baseline HAQ score, were not predictors of clinical response.
effectiveness and retention rate analysis of TnFis according to maintenance over time of baseline MTX regimen In order to evaluate the possible impact of concomitant hydroxychloroquine or cyclosporine on TNFi performance, we first compared the subgroup treated with pure TNFi monotherapy and patients concomitantly receiving the previously mentioned two csDMARDs, finding no difference in both 2-year TNFi persistence (48.7% and 50%, respectively; p=0.835) and DAS28 remission rate (23.4% and 28.3%, respectively; p=0.125). Thus, as described in the "Patients and methods" section, subsequent analyses were performed including in the "TNFi without MTX" subgroup both the patients treated with hydroxychloroquine or cyclosporine and the ones receiving TNFi pure monotherapy.
The 2-year retention rate of first-line TNFi was higher, although not statistically significant, in the stable highdose MTX-treated group than in both the low-dose and no MTX groups (68.8%, 56.8%, and 49.1%, respectively; p=0.112) (Figure 3 (Figure 4 ). On the other hand, in the group of subjects undergoing MTX dose de-escalation/ discontinuation because of adverse events or poor compliance, we observed worsening in the 2-year DAS28 score in 66.7% of patients (median increase 0. 
Discussion
This retrospective analysis of real-life data has demonstrated the importance of the concomitant MTX regimen in the achievement of favorable clinical outcomes in RA patients treated with a first-line TNFi, such as ADA or ETA. Our findings show that baseline combination with MTX is a strong predictor of EULAR response and suggest that MTX high-dose maintenance over time is associated with a higher probability of achieving and maintaining a clinical remission. To the best of our knowledge, this is one of the first papers analyzing the pattern of MTX regimen modification over time and the effect of MTX dose changes on clinical response to TNFis.
Indeed, our analysis has also confirmed that the proportion of patients receiving ADA or ETA without MTX in a real-life setting is surprisingly high (.40%) in consideration of the clear indication provided by international recommendations that all bDMARDs should be used in combination with MTX. 15, 16 This result is consistent with what has been reported by similar observational studies based on national registries, such as the British BSRBR registry (32%), 11 the Swedish ARTIS registry (30%), 18 the German RABBIT registry (34%), 19 the Swiss SCQM registry (39%), 30 the Norwegian NOR-DMARD (33%), 31 the US CORRONA registry (30%), 32 the Austrian BIOREG registry (40%) 33 and the Italian GISEA registry (33%). 20 The reasons for this suboptimal use of concomitant MTX in TNFi-treated patients lie in the overall poor tolerability reported by MTX users, who frequently experience gastrointestinal (nausea, vomiting, and abdominal pain) or neurological (headache, light headedness, vertigo, dizziness, lethargy, and fatigue) adverse events, leading to drug dose decrease or discontinuation 26 and causing low drug adherence. 27 In a very long observational study (follow-up 13.3 years, mean doses of MTX between 12.4 and 14.6 mg/wk), gastrointestinal adverse events were the 
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Methotrexate in combination with TnFis most common side effects (52%-65%), while neurological events were observed in 21%-38% of patients and elevations of liver enzymes (above the upper limit of normal) occurred especially during the first 4 years of treatment (69%-88%) and then decreased (25% then 15% after 79 months). 34 More recently, Salliot and van der Heijde showed a prevalence of raised liver enzymes (more than twice the upper limit of normal) close to 13%, with only 3.7% of patients stopping MTX permanently owing to liver toxicity. 35 Similar to what reported in a retrospective analysis conducted on a British database, 36 in our cohort as well, gastrointestinal and neurological intolerance was the most frequent reason for failure to continue MTX therapy, accounting for 60% of TNFi monotherapy prescriptions, whereas previous hepatotoxicity and low drug adherence were each responsible for 20%.
As expected, we found TNFi with no MTX to be more common in older patients with a longer mean disease duration. These findings are not surprising considering that, although evidence from clinical trials suggests that synthetic and biologic DMARDs have good efficacy and are well tolerated in elderly patients, such individuals are often undertreated because of safety concerns. 37 Moreover, in our cohort, female sex was associated with high frequency of monotherapy/low-dose concomitant MTX, as a result of poorer MTX tolerability in women, which has already been reported by other similar analyses. 38, 39 The optimal MTX dose to be associated with TNFis is still unclear. According to the 2009 international recommendations on the use of MTX in rheumatic disorders, in newly diagnosed RA patients oral MTX should be started at 10-15 mg/wk, with rapid escalation by 5 mg every 2-4 weeks up to 20-30 mg/wk, depending on clinical response and tolerability. 40 However, the CONCERTO trial showed that in ADA-treated RA, 6-month efficacy of 10 and 20 mg/wk oral MTX appeared equivalent, suggesting that for patients initiating ADA combination therapy, the optimal starting dose may be lower than previously assumed. 23 Accordingly, in our cohort, the baseline median MTX dose was 10 mg/wk. This finding may partially reflect the prescription behavior of MTX at suboptimal doses reported by a recent survey (the MARI study) conducted in 60 Italian rheumatology units, which reported that only 15.2% of patients are treated with $15 mg/wk MTX. 41 However, MTX had been mainly prescribed by parenteral route in both our cohort (76.2% vs 23.8%, respectively) and the MARI study (77.7% vs 22.3%, respectively), a route that potentially improves overall treatment efficacy as a consequence of increased bioavailability. 42 Nevertheless, in our analysis, the highest MTX dose was associated with the greatest probability to achieve a 2-year EULAR clinical response, demonstrating that even MTX dosage is crucial over a longer follow-up period compared with what was reported in the CONCERTO trial. 23 Beyond the initial prescription of TNFis as monotherapy or in combination with low-dose MTX, poor tolerability also affects concomitant MTX maintenance over time. A recently published survey conducted in RA patients treated with self-administered bDMARDs showed that only 45% of the respondents were using MTX cotherapy despite a monotherapy prescription only in 27% of all patients. 43 In our cohort, almost one-third of the 189 patients receiving MTX experienced MTX dose tapering or withdrawal because of intolerance or adverse events, with persistence of the baseline MTX regimen in 79.9% of patients at 1 year and 70.2% at 2 years. Longer disease duration predicted this maintenance over time of MTX dosage as a potential effect of the selection of patients probably treated with MTX for a longer period and thus less prone to develop MTX intolerance.
Most previously published papers evaluating TNFi monotherapy efficacy in a real-life setting were conducted by classifying mono-or combination therapy according to baseline concomitant MTX treatment alone and assuming MTX regimen to be stable over time. Conversely, a retrospective analysis from the Swiss Clinical Quality Management registry for RA described 13% of initial combination therapy patients discontinuing concomitant MTX over time. 12 Similarly, we quantified the proportion of patients undergoing MTX dose decrease/discontinuation over a 2-year follow-up period, but in addition, we analyzed the impact of this dose change on TNFi effectiveness over time, demonstrating the importance of MTX maintenance beyond MTX initial dose. In fact, we found a clear trend, albeit not statistically significant, toward an increase in the 2-year retention rate in patients maintaining high-dose MTX compared with subjects undergoing MTX dose reduction/discontinuation. Moreover, mean change from baseline of DAS28 and the proportion of patients achieving remission or good/moderate EULAR response were all significantly higher in patients who maintained the initial MTX regimen than in patients who did not. On the other hand, MTX dose reduction or discontinuation because of intolerance was associated with an increase in DAS28 values in almost two-thirds of patients, thus resulting in suboptimal disease control.
The main limitation of the present study is its observational retrospective design without randomization. Consequently, patients with different baseline characteristics could have been channeled to a specific MTX regimen, producing 
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Favalli et al selection bias and potentially affecting our comparative analysis. However, we observed that the MTX subgroups were well balanced, with no statistically significant differences in baseline mean DAS28, mean HAQ score, and RF positivity. Moreover, as is usual in long-term analyses, the number of patients at risk tended to progressively decrease over time, becoming relatively small at the end of the evaluated follow-up period, partially influencing the impact of results. On the other hand, the most important strengths are the fact that the study design focused for the first time on concomitant MTX evaluation over time in a cohort of TNFi-treated patients and the very frequent collection of data on MTX regimen (every 2 months), which was crucial for a more comprehensive analysis of MTX dose changes over time.
Conclusion
We showed that in a real-life setting, about one-third of RA patients treated with a TNFi experienced dose reduction/ discontinuation of concomitant MTX because of intolerance/ adverse events over a 2-year follow-up period. This change in MTX dosage, as well as initial low-dose or no MTX, was associated with poorer 2-year clinical response, suggesting the importance of prescribing right from the beginning highdose concomitant MTX in combination with TNF blockers and maintaining it over time. The high proportion of patients receiving TNFis alone along with the high rate of MTX dose reduction or discontinuation observed in our cohort make the efficacy of TNFi without MTX a potential unmet need in the management of RA. In this scenario, interleukin-6 blockers, 44 and more recently small molecules (such as Janus Kinase inhibitors), 45, 46 have been proven to be highly effective even when used as monotherapy; so, in the last update of EULAR recommendations, these mechanisms of action are indicated as the preferential alternative option for treating patients with contraindications or intolerance to MTX. 16 Future analyses in larger populations and over a longer follow-up period are warranted to confirm our results.
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